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GAS TURBINE BLADE WITH DOUBLE
IMPINGEMENT COOLED SINGLE SUCTION
SIDE TIP RAIL

FIELD OF THE INVENTION

The present invention relates generally to gas turbine
blades and, more particularly, to a blade squealer rail located
along the tip of a turbine blade.

BACKGROUND OF THE INVENTION

In a turbomachine, such as a gas turbine engine, air 1s
pressurized in a compressor then mixed with fuel and burned
in a combustor to generate hot combustion gases. The hot
combustion gases are expanded within the turbine section
where energy 1s extracted to power the compressor and to
produce usetul work, such as powering a propeller for an
aircraft in flight or turning a generator to produce electricity.
The hot combustion gases travel through a series of turbine
stages. A turbine stage may include a row of stationary vanes
tollowed by a row of rotating turbine blades, where the tur-
bine blades extract energy from the hot combustion gases for
powering the compressor and providing output power. Since
the turbine blades are directly exposed to the hot combustion
gases, they are typically provided with internal cooling cir-
cuits which channel a coolant, such as compressor bleed atr,
through the airfoil of the blade and through various film
cooling holes around the surface thereof. One type of airfoil
extends from a root at a blade platform, which defines the
radially inner flowpath for the combustion gases, to a radially
outer cap or blade tip section, and includes opposite pressure
and suction sides extending axially from leading to trailing
edges of the airfoil. The cooling circuit extends inside the
airfoi1l between the pressure and suction sides and 1s bounded
at 1ts top by the blade tip section.

The gas turbine engine eificiency 1s, at least 1n part, depen-
dant upon the extent to which the high temperature gases leak
across the gap between the turbine blade tips and the seals or
shrouds which surround them. The leakage quantity 1s typi-
cally minimized by positioning the radially-outward blade tip
section 1n close proximity to the outer air seal. However,
differential thermal elongation and dynamic forces between
the blade tip section and outer air seal can cause rubbing
therebetween. Also, 1t should be noted that the heat load on
the turbine blade tip section 1s a function of leakage flow over
the blade tip section. Specifically, a high leakage tlow will
induce a high heat load to the blade tip section, such that gas
leakage across the blade tip section and cooling of the blade
tip section have to be addressed as a single problem. In a
typical construction, see FIG. 6, the blade tip section 104 of
an airfoil 100 has been provided with a squealer tip rail 102
extending radially outwardly a short distance from the blade
tip section 104, and extending substantially completely
around the perimeter of the airfoil 100 to define an inner
squealer tip pocket 106 facing radially outwardly. The
squealer t1ip rail 102 1s provided for spacing radially closely
adjacent to the stationary outer seal wall, or outer turbine
shroud, to provide a relatively small clearance gap therebe-
tween to seal or restrict the flow of gas across the blade tip
section 104.

The squealer tip rail 102 1s a solid metal projection of the
airfo1l 100, and 1s directly heated by the combustion gas
which flows thereover, as illustrated by flow lines 108. In
addition, a vortex flow 110 of hot gases may be formed on the
suction side of the airfoil 100 adjacent the blade tip. The
squealer tip rail 102 1s cooled by a cooling fluid, such as atr,
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channeled from an airfoil cooling circuit to the blade tip
section 104 to transier heat away from the area of the squealer
tip pocket 106. Convective cooling holes 114 may be pro-
vided in the squealer tip pocket 106 located along the squealer
tip rail 102, as illustrated in FIG. 6. In addition, heat from the
squealer tip rail 102 may be conducted into the squealer tip
section 104 and convected away internally of the airfoil 100
by the cooling fluid channeled through the internal cooling
circuit. The squealer tip section 104, including the squealer
tip rail 102, typically operates at temperatures above that of
the remainder of the airfoil 100 and can be a life limiting
clement of the airfoi1l 100 1n a hot turbine environment. In
particular, 1t 1s known 1n the art that the portion of the airfoil
100 located at the intersection of the pressure side airfoil
surface 118 and the blade tip section 104 1s subject to very
high heat loads and accordingly 1s more likely to experience
thermal distress.

Cooling to the pressure side airfoil surface 118 may be
provided by a row of film cooling holes 116 located on the
pressure side of the airfoil outer wall, extending from the
leading edge to the trailing edge of the airfoi1l 100, immedi-
ately below the blade tip section 104 for providing a cooling

fluad film which tlows upwardly over the pressure side of the
airfoil 100.

Referring to FIG. 7, an enlarged view of the trailing edge of
the airfoil 100 of FIG. 6 1s 1llustrated, where it may be seen
that the aft end of the squealer tip rail 102 1s discontinued on
the side adjacent the pressure side surface 118 to form a single
squealer tip rail 102a located on the suction side of the airfoil
100, which extends to the trailing edge of the airfoil 100. As
a result primarily of the squealer pocket geometry and the
interaction of hot gas secondary flow mixing, the eflective-
ness of the cooling tluid provided from the pressure side film
holes 116 and from the cooling holes 114 1n the bottom of the
squealer pocket 106 at the aft end 1s very limited, such that the
ait end of the suction side squealer rail 1024 1s substantially
exposed to heating from three sides. As a consequence, the
blade trailing edge tip section generally exhibits increased
oxidation and erosion, adversely affecting the operating life
of the turbine blade.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, a
turbine blade 1s provided comprising: an airfoil including an
airfo1l outer wall extending radially outwardly from a blade
root, a squealer tip section located at an end of the airfoil distal
from the root, and cooling structure. The squealer tip section
comprises a blade tip surface including pressure and suction
edges joined together at chordally spaced-apart leading and
trailing edges of the airfoil, and a squealer tip rail. At least a
substantial portion of the squealer tip rail 1s located near the
blade tip surface suction edge. The cooling structure directs
cooling fluid toward the squealer tip rail to effect impinge-
ment cooling of the rail atter the cooling fluid has convec-
tively cooled at least a portion of the airfo1l outer wall.

The squealer tip rail may comprise a sole rail associated
with the blade tip surface.

The cooling structure may comprise pressure-side cooling
holes 1n communication with a cooling fluid circuit within the
airfoil. The pressure-side cooling holes may extend toward
the squealer tip rail to effect impingement cooling of the tip
rail.

The squealer tip raill may comprise a deflector portion
including a curved and concaved side surface substantially
facing the blade tip surface pressure edge.
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The cooling fluid exiting the pressure-side cooling holes
may contact the concave side surface of the squealer tip rail
deflector portion and deflect toward the blade tip surface
pressure edge to push hot gas away from the squealer tip rail.

The pressure-side cooling holes may extend substantially
parallel to the blade tip surface.

The cooling structure may further comprise suction-side
cooling holes 1n communication with the cooling fluid circuit
within the airfoil. The suction-side cooling holes may extend
toward the squealer tip rail to effect further impingement
cooling of the tip rail.

The squealer tip rail may further comprise an intermediate
portion and an aft portion substantially facing the blade tip
surface suction edge. The aft portion may include a curved
lower part. Cooling fluid emitted from the suction-side cool-
ing holes may strike the curved lower part and flow towards a
stationary outer air seal so as to reduce an amount of hot gases
flowing through a gap located between the tip section and the
stationary outer air seal.

The cooling fluid circuit may comprise: first cooling chan-
nels located near the airfoil outer wall suction sidewall to
convectively cool the suction sidewall, and second cooling
channels located near the airfo1l outer wall pressure sidewall
to convectively cool the pressure sidewall.

In accordance with a second aspect of the present mven-
tion, a turbine blade 1s provided comprising: an airfoil includ-
ing an airfoil outer wall extending radially outwardly from a
blade root, the outer wall having pressure and suction side-
walls; a squealer tip section located at an end of the airfoil
distal from the root; and cooling structure. The squealer tip
section may comprise a blade tip surface including pressure
and suction edges joined together at chordally spaced-apart
leading and trailing edges of the airfo1l and a squealer tip rail.
At least a substantial portion of the squealer tip rail may be
located near the blade tip surface suction edge. The cooling
structure may direct cooling fluid through forward and back
portions of the squealer tip section toward the squealer tip rail.

The squealer tip rail may comprise a sole rail associated
with the blade tip surface.

At least a substantial portion of the squealer tip rail may be
spaced away from the blade tip surface pressure edge.

The squealer tip raill may comprise a deflector portion
comprising a curved and concaved side surface substantially
facing the blade tip surface pressure edge.

The squealer t1ip rail may further comprise an intermediate
portion and an aft portion.

The cooling structure may comprise pressure-side cooling,
holes 1n communication with a cooling flmid circuit within the
airfoil. The pressure-side cooling holes may extend toward
the squealer tip rail deflector portion, wherein cooling fluid
passing through the pressure-side cooling holes may serve to
convectively cool the forward portion of the squealer tip
section.

The cooling fluid exiting the pressure-side cooling holes
may contact the concave side surface of the squealer tip rail
deflector portion and deflect toward the blade tip surface
pressure edge to push hot gas away from the squealer tip rail.

The cooling structure may further comprise suction-side
cooling holes 1n communication with the cooling fluid circuit
within the airfoil. The suction-side cooling holes may extend
toward the squealer tip rail, wherein cooling fluid passing
through the suction-side cooling holes may serve to convec-
tively cool the rear portion of the blade tip section.

The cooling fluid circuit may comprise first cooling chan-
nels located near the airfoil outer wall suction sidewall. The
suction-side cooling holes may communicate with the first
cooling channels.
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The cooling fluid circuit may comprise second cooling
channels located near the airfoil outer wall pressure sidewall.
The pressure-side cooling holes may communicate with the
second cooling channels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a turbine blade constructed
in accordance with the present invention;

FIG. 2 1s a sectional view taken along section line 2-2 1n
FIG. 1;

FIG. 3 a sectional view taken along section line 3-3 1n FIG.
1

FIG. 4 1s a top view of the turbine blade of the present
imnvention;

FIG. 5 1s a sectional view taken along section line 5-3 1n
FI1G. 4; and

FIGS. 6 and 7 are views of a prior art airfoul.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description of the preferred
embodiments, reference 1s made to the accompanying draw-
ings that form a part hereof, and 1n which 1s shown by way of
illustration, and not by way of limitation, specific preferred
embodiments 1n which the invention may be practiced. It 1s to
be understood that other embodiments may be utilized and
that changes may be made without departing from the spirit
and scope of the present invention.

The present invention provides a construction for a blade
t1p section of a rotating blade for a gas turbine of a combustion
gas turbine engine, where the blade tip section includes a
squealer t1p rail that 1s configured to provide a reduction 1n a
vena contractor associated with hot gas leakage flow passing
the blade tip section. The geometry of the squealer tip rail
operates in combination with mjected cooling tluid to reduce
blade hot gas leakage tlow and heat load.

The gas turbine engine further includes a compressor and a
combustor, icluding a plurality of combustor units. The
compressor compresses ambient air. The combustor units
combine the compressed air with a fuel and 1gnite the mixture
creating combustion products defining hot working gases.
The working gases are routed to the turbine 1nside a plurality
of transition ducts. Within the turbine are a series of rows of
stationary vanes and rotating blades. The rotating blades are
coupled to a shaft and disc assembly. As the working gases
expand through the turbine, the working gases cause the
blades, and therefore the disc assembly, to rotate.

Referring to FIG. 1, an exemplary turbine blade 310 con-
structed 1n accordance with a first embodiment of the present
invention 1s illustrated. The blade 310 includes an airfoil 312
and a root 314, which is used to conventionally secure the
blade 310 to the shait and disc assembly of the turbine for
supporting the blade 310 1n the working gas flow path of the
turbine. The airfoil 312 has an outer wall 316 comprising a
pressure sidewall 318 and a suction sidewall 320, see FIGS. 2
and 3. The pressure and suction sidewalls 318, 320 are joined
together along an upstream airfoil leading edge 322 and a
downstream airfoil trailing edge 324, where the leading and
trailing edges 322, 324 are spaced axially or chordally from
cach other with respect to a chordal direction C, see FIG. 1.
The airfo1l 312 extends radially along a longitudinal or radial
direction of the blade 310, defined by a span S of the airfoil
312, from a radially inner airfoil platform 326 to a radially
outer squealer tip cap or squealer tip section 328.

The squealer tip section 328 includes a blade tip surface
330 having an airfoil shape and pressure and suction edges
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332, 334, which are joined together at chordally spaced apart
leading and trailing edges 336, 338 of the squealer tip section
328 and the airfoil leading and trailing edges 322 and 324, see
FIG. 4. The pressure and suction edges 332, 334 coincide
with the pressure and suction sidewalls 318, 320, respec-
tively, of the airfoil 312. In the 1llustrated invention, a sole
squealer tip rail 340 extends radially outwardly from the
blade tip surface 330, see FIGS. 1 and 3-5.

The squealer tip rail 340 comprises 1n the embodiment
illustrated in FIG. 4, a curved leading part 440A, a curved
intermediate part 440B and a generally linear trailing part
440C. The curved leading part 440A 1s positioned near the
blade tip surface pressure edge 332, see FIG. 4. The curved
intermediate part 4408 extends from the curved leading part
440A, and the trailing part 440C extends from the intermedi-
ate part 440B to or near the airfoil trailing edge 324. The
squealer tip rail leading, intermediate and trailing parts 440 A -
440C define a deflector portion 342, an intermediate portion
344 cxtending from the deflector portion 342, and an aft
portion 346 extending from the intermediate portion 344, see
FIG. 5. As illustrated 1n FI1G. 4, a substantial part 340A of the
squealer tip rail 340, including the curved intermediate part
440B and at least a section of the trailing part 440C, 1s spaced
away from the blade tip surface pressure edge 332 and 1is
located near the blade tip surface suction edge 334. Accord-
ingly, a substantial part 342 A of the detlector portion 342 is
displaced from the blade tip surface pressure edge 332. Fur-
ther, all of the deflector portion 342 1s spaced away from the
airfo1l leading edge 322. A base 348 of the tip rail 340 1s
located below, 1.e., radially inward, of the blade tip surface
330, see FIG. 5.

The squealer tip rail deflector portion 342 comprises a
curved and concaved side surface 342B substantially facing
the blade tip surface pressure edge 332, see FIG. 5. The
squealer t1p rail intermediate portion 344 includes a substan-
tially planar upper surface 344A and the aft portion 346
includes a substantially vertical side surface 346 A that faces
towards the suction edge 334 of the blade tip surface 330 and
a curved lower part 346B.

The airtoil 312 also comprises a cooling fluid circuit 349,
see FIGS. 2, 3 and 5, which receives cooling tluid through a
dove-tailed recess 314 A defined 1n the root 314, which cool-
ing fluid, e.g., air, 1s supplied by the compressor.

The airfoil 312 further comprises cooling structure 350 in
communication with the cooling flmid circuit 349, see FIGS.
3 and 5. The cooling structure 350 comprises a plurality of
chordally spaced-apart pressure-side cooling holes 430
defined 1n a forward portion 328A of the squealer tip section
328 and a plurality of chordally spaced-apart suction-side
cooling holes 432 formed in a back portion 328B of the
squealer t1p section 328. More specifically, the pressure-side
cooling holes 430 are located below and are substantially
parallel with a leading section 330A of the blade tip surface
330, while the suction-side cooling holes 432 are located
below and substantially parallel with a trailing section 3308
of the blade tip surface 330. As will be discussed further
below, the pressure-side cooling holes 430 and suction-side
cooling holes 432 receive cooling fluid from the cooling fluid
circuit 349.

In the 1llustrated embodiment, the cooling tluid circuit 349
comprises: a plurality of chordally spaced-apart first cooling
channels 320A formed 1n the airfoil suction sidewall 320, a
plurality of chordally spaced-apart second cooling channels
318A formed 1n the airfo1l pressure sidewall 318, and firstand
second collection cavities 440 and 442 located between the
airfo1l pressure and suction sidewalls 318 and 320, see FIGS.

2,3 and 5.
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The first cooling channels 320A communicate with the
dove-tailed recess 314 A, the first and second collection cavi-
ties 440 and 442, and the suction-side cooling holes 432, see
FIGS. 2, 3 and 5. The second cooling channels 318A com-
municate with the first and second collection cavities 440 and
442, and the pressure-side cooling holes 430, see FIGS. 2, 3
and 5.

During operation of the turbine, the compressor supplies
cooling fluid to the root dove-tailed recess 314A. The cooling
fluid moves from the recess 314 A 1nto and through the first
cooling channels 320A, where the moving cooling fluid con-
vectively cools the airfoil suction sidewall 320. From the first
cooling channels 320A, a first portion of the cooling fluid
moves nto the first and second collection cavities 440 and
442, while a second portion of the cooling fluid passes nto
and through the suction-side cooling holes 432, see FIG. 5.
The cooling fluid passing through the suction-side cooling
holes 432 convectively cools the back portion 328B of the
squealer t1p section 328. As noted above, the base 348 of the
tip rail 340 1s located below the blade tip surface 330, see FI1G.
5. A trailing side recess 600 1s formed between the vertical
side surface 346 A and the back portion 328B of the squealer
tip section 328, see FIG. 5. The cooling fluid, after passing
through the suction-side cooling holes 432, exits the cooling
holes 432, passes into the trailing side recess 600, and then
strikes against the aft portion vertical side surtace 346 A and
the curved lower part 346B to effect impingement cooling of
the side surface 346 A and the lower part 346B. It 1s believed
that at least a portion of the cooling fluid entering the trailing
side recess 600 forms 1nto vortices within the recess 600 such
that the cooling fluid 1s held or trapped near the aft portion
vertical side surface 346 A and the aft portion lower part 346B
for an extended time period to enhance cooling of the vertical
side surface 346 A and the curved lower part 346B. A small
clearance gap G, which includes a gap section G, 1s defined
between the turbine blade squealer tip section 328 and an
inner surtace 72 of a turbine blade outer air seal 70. The small
gap section G, 1s located between the detlector portion inter-
mediate portion 344 and the outer air seal 70. It 1s also
believed that a portion of the cooling tfluid emitted 1nto the
trailing edge recess 600 strikes the curved lower part 3468
and flows upward so as to provide resistance to hot gases
flowing through the small gap section G, and an area within
the gap G just downstream from the gap section G . It1s still
turther believed that a portion of the cooling fluid emitted into
the trailing edge recess 600 flows over the trailing section
330B of the blade t1ip surface 330 so as to form a cooling film
over the trailing section 330B.

As noted above, a first portion of the cooling fluid from the
first cooling channels 320A moves 1nto the first and second
collection cavities 440 and 442. Part of the cooling fluid
received 1n the first and second collection cavities 440 and
442 exits those collection cavities 440 and 442 and enters into
the second cooling channels 318 A. A remaining portion of the
cooling fluid 1n the first collection cavity 440 exits the col-
lection cavity 440 via a plurality of bores 1324 provided in the
airfoil trailing edge 324 so as to convectively cool the trailing
edge 324, see FIGS. 1 and 2. A remaining portion of the
cooling fluid 1n the second collection cavity 442 exits the
collection cavity 442 via a plurality of bores 1322 1n the
airfo1l leading edge 322 so as to effect cooling of the airfoil
leading edge 322, see FIGS. 1 and 2.

As the cooling fluid moves through the second cooling
channels 318A, 1t functions to convectively cool the airfoil
pressure sidewall 318. From the second cooling channels
318A, the cooling tluid moves 1into and through the pressure-
side cooling holes 430, see FI1G. 5. The cooling fluid passing
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through the pressure-side cooling holes 430 convectively
cools the forward portion 328A of the squealer tip section
328. As noted above, the base 348 of the tip rail 340 1s located
below the blade tip surface 330, see FIG. 5. A leading side
recess 602 1s formed between the curved and concaved side
surface 342B and the front portion 328A of the squealer tip
section 328, see FIG. 5. The cooling fluid, after passing
through the pressure-side cooling holes 430, exits the cooling,
holes 430, passes into the leading side recess 602, and then
strikes against the side surface 342B to efiect impingement
cooling of that surface 342B. As will be discussed further
below, the cooling fluid exiting the pressure-side cooling
holes 430 1s turned by the side surface 342B.

The fixed turbine blade outer air seal 70 surrounds the
turbine blades 310. As 1llustrated 1n FIG. 5, the small clear-
ance gap G, which includes the gap section G, 1s defined
between the turbine blade squealer tip section 328 and the
inner surface 72 of the turbine blade outer air seal 70.

In FIG. 5, dotted-dashed arrows 380 indicate hot gases
flowing toward and through the gap G between the turbine
blade 310 and the 1nner surface 72 of the air seal 70. Solid line
arrows 382 designate cooling fluid exiting the pressure-side
and suction-side cooling holes 430 and 432 and tlowing into
and through the first and second collection cavities 440 and
442, the first cooling channels 318 A and the second cooling
channels 320A.

Because of a pressure ditferential between the airfoil pres-
sure sidewall 318 and the airfoil suction sidewall 320, hot
working gases 380 tflow upward along the airfoil pressure
sidewall 318 1n a direction designated by arrow A in FIG. 5
toward the gap G.

As noted above, the cooling fluid exiting the pressure-side
cooling holes 430 strikes the side surface 342B. A portion of
that coolmg fluid 1s turned by the side surface 342B towards
the 1ncoming hot gases 380. It 1s believed that the turned
cooling fluid 382 acts against mncoming hot gases 380 and
functions to push those hot gases 380 away from the deflector
portion 342 and upward toward the turbine blade outer air seal
iner surtace 72. It 1s also believed that a further portion of the
cooling fluid that strikes the side surface 342B flows around
the side surface 342B and then flows through the gap section
G, located between the detlector portion intermediate portion
344 and the outer air seal 70, see FIG. 5. The cooling fluid
flowing through the gap section G, reduces an effective radial
dimension of a flow path for the hot gases 380 passing
through the gap section G,. Accordingly, the amount of hot
gases 380 entering the gap section G, 1s reduced. The cooling
fluid passing through the gap section G, also forms a cooling
f1lm provided over the intermediate and ait portions 344, 346.
Because the amount of hot gases flowing through the gap G 1s
mimmized, the overall efliciency of the turbine 1s increased,
the temperature of each turbine blade squealer tip section 328
1s reduced, thermally induced stresses at each turbine blade
squealer tip section 328 are mimmized, the life expectancy of
cach of the blades 310 1s increased, and the amount of cooling
fluid required to cool each turbine blade squealer tip section
328 1s mimimized. It 1s believed that the combined effect of:
cooling fluid emitted by the pressure-side and suction-side
cooling holes 430 and 432 effecting impingement cooling of
the squealer tip rail 430, cooling fluid turned by the squealer
tip rail deflector portion side surface 342B towards the incom-
ing hot gases 380 and cooling fluid turned by the ait portion
curved lower part 3468 towards the air seal inner surface 72
yields a very small effective tlow area in the gap G through
which hot working gases may tlow.

While particular embodiments of the present invention
have been 1llustrated and described, it would be obvious to
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those skilled in the art that various other changes and modi-
fications can be made without departing from the spirit and
scope of the imvention. It 1s therefore mtended to cover 1n the
appended claims all such changes and modifications that are
within the scope of this ivention.

What 1s claimed 1s:

1. A turbine blade comprising:

an airfoil including an airfo1l outer wall extending radially

outwardly from a blade root;

a squealer tip section located at an end of said airfoil distal

from said root, said squealer tip section comprising a

blade tip surface including pressure and suction edges

joined together at chordally spaced-apart leading and
trailing edges of said airfoil and a squealer tip rail,
wherein at least a substantial portion of said squealer tip
rail 1s located near said blade tip surface suction edge;
and

cooling structure directing cooling fluid toward said

squealer tip rail to effect impingement cooling of said
rail after said cooling fluid has convectively cooled at
least a portion of said airfoil outer wall.

2. The turbine blade as set out in claim 1, wherein said
squealer tip rail comprises a sole rail associated with said
blade tip surface.

3. The turbine blade as set out 1in claim 1, wherein said
cooling structure comprises pressure-side cooling holes 1n
communication with a cooling fluid circuit within said airfoul,
said pressure-side cooling holes extending toward said
squealer tip rail to effect impingement cooling of said tip rail.

4. The turbine blade as set out 1n claim 3, wherein said
squealer tip rail comprises a deflector portion including a
curved and concaved side surface substantially facing said
blade tip surface pressure edge.

5. The turbine blade as set out in claim 4, wherein said
pressure-side cooling holes are located such that said cooling
fluid exiting said pressure-side cooling holes contacts said
concave side surface of said squealer tip rail detlector portion
and detlects toward said blade tip surface pressure edge to
push hot gas away from said squealer tip rail.

6. The turbine blade as set out 1n claim 5, wherein said
pressure-side cooling holes extend substantially parallel to
said blade tip surface.

7. The turbine blade as set out 1n claim 6, wherein said
cooling structure further comprises suction-side cooling
holes 1n communication with said cooling fluid circuit within
said airfoil, said suction-side cooling holes extending toward
said squealer tip rail to eflect further impingement cooling of
said tip rail.

8. The turbine blade as set out in claim 7, wherein said
squealer t1p rail further comprises an intermediate portion and
an aft portion substantially facing said blade tip surface suc-
tion edge, said aft portion including a curved lower part.

9. The turbine blade as set out 1n claim 8, wherein cooling
fluid emitted from said suction-side cooling holes strikes said
curved lower part and flows towards a stationary outer air seal
so as to reduce an amount of hot gases flowing through a gap
located between said tip section and said stationary outer air
seal.

10. The turbine blade as set out 1n claim 7, wherein said
cooling fluid circuit comprises:

first cooling channels located near said airfoil outer wall

suction sidewall to convectively cool the suction side-
wall; and

second cooling channels located near said airfoil outer wall

pressure sidewall to convectively cool the pressure side-
wall.
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11. A turbine blade comprising:
an airfoil including an airfoil outer wall extending radially
outwardly from a blade root, said outer wall having
pressure and suction sidewalls;
a squealer t1p section located at an end of said airfoil distal
from said root, said squealer tip section comprising a
blade tip surface including pressure and suction edges
joined together at chordally spaced-apart leading and
trailing edges of said airfoil and a squealer tip rail,
wherein at least a substantial portion of said squealer tip
rail 1s located near said blade tip surface suction edge;
and
cooling structure directing cooling tluid through forward
and back portions of said squealer tip section toward said
squealer tip rail.

12. The turbine blade as set out 1n claim 11, wherein said
squealer tip rail comprises a sole rail associated with said
blade tip surface.

13. The turbine blade as set out 1n claim 12, wherein at least
a substantial portion of said squealer tip rail 1s spaced away
from said blade tip surface pressure edge.

14. The turbine blade as set out 1n claim 13, wherein said
squealer t1p rail comprises a detlector portion comprising a
curved and concaved side-surface substantially facing said
blade tip surface pressure edge.

15. The turbine blade as set out 1n claim 14, wherein said
squealer tip rail further comprises an intermediate portion and
an aft portion.

16. The turbine blade as set out 1n claim 15, wherein said
cooling structure comprises pressure-side cooling holes 1n
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communication with a cooling fluid circuit within said airfoul,
said pressure-side cooling holes extending toward said
squealer tip rail deflector portion, wherein cooling fluid pass-
ing through said pressure-side cooling holes serves to con-
vectively cool said forward portion of said squealer tip sec-
tion.

17. The turbine blade as set out 1n claim 16, wherein said
cooling fluid exiting said pressure-side cooling holes contacts
said concave side surface of said squealer tip rail deflector
portion and detflects toward said blade tip surface pressure
edge to push hot gas away from said squealer tip rail.

18. The turbine blade as set out 1n claim 17, wherein said
cooling structure further comprises suction-side cooling
holes 1n communication with said cooling fluid circuit within
said airfoil, said suction-side cooling holes extending toward
said squealer tip rail, wherein cooling fluid passing through
said suction-side cooling holes serves to convectively cool
said back portion of said blade tip section.

19. The turbine blade as set out 1n claim 18, wherein said
cooling tluid circuit comprises first cooling channels located
near said airfoil outer wall suction sidewall, said suction-side
cooling holes communicating with said first cooling chan-
nels.

20. The turbine blade as set out 1n claim 19, wherein said
cooling fluid circuit comprises second cooling channels
located near said airfoil outer wall pressure sidewall, said
pressure-side cooling holes communicating with said second
cooling channels.
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